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1. 

METHOD, APPARATUS AND COMPUTER 
PROGRAMI PRODUCT FOR PROVIDINGA 
DATA ENCODING/DECODING SCHEME 

RELATED APPLICATION 

This application was originally filed as PCT Application 
No. PCT/IB32008/000531 filed Mar. 6, 2008. 

FIELD OF THE INVENTION 

Embodiments of the present invention relate generally to 
data encoding and decoding technology and, more particu 
larly, relate to a method, apparatus and computer program 
product for providing encoding and/or decoding of data that 
may, for example, provide reduced power and energy con 
Sumption. 

BACKGROUND OF THE INVENTION 

The modern communications era has brought about a tre 
mendous expansion of wireline and wireless networks. Com 
puter networks, television networks, and telephony networks 
are experiencing an unprecedented technological expansion, 
fueled by consumer demand. Wireless and mobile network 
ing technologies have addressed related consumer demands, 
while providing more flexibility and immediacy of informa 
tion transfer. 

Current and future networking technologies continue to 
facilitate ease of information transfer and convenience to 
users. One area in which there is a demand to increase ease of 
information transfer relates to data processing services for 
data being communicated to/from a mobile terminal. The data 
processing services may be provided from a network server or 
other network device, from the mobile terminal such as, for 
example, a mobile telephone, a mobile television, a mobile 
gaming system, etc, or even from a combination of the mobile 
terminal and the network device. The data processing services 
may include transmission, reception, coding, decoding, Stor 
age, or other processing of for example, image files, speech, 
Video or audio signals, etc. 

In current applications, when a mobile terminal wirelessly 
communicates with other devices in order to transmit or 
receive data comprising images, speech, audio, video, etc., 
mobile terminal resources are consumed. One Such resource 
is power, which is typically provided by a battery of a finite 
capacity. Thus, if power consumption can be reduced, battery 
life may be extended. However, in certain situations, commu 
nications involving relatively large quantities of data may be 
unavoidable and even desirable. Thus, it may be difficult to 
reduce power consumption without reducing communication 
capacity. Accordingly, it may be desirable to develop com 
munication techniques for reducing power consumption. 

BRIEF SUMMARY OF THE INVENTION 

A method, apparatus and computer program product are 
therefore provided that may enable data encoding (and Sub 
sequent decoding) that may reduce power and energy con 
Sumption. In an exemplary embodiment, input data of a given 
number of bits (e.g., N-bits) may be encoded in a manner that 
may reduce power consumption. In this regard, for example, 
since in conjunction with at least some modulation methods it 
may require more energy to transmit a digital 'one' (or high) 
value modulated onto a carrier than the energy required to 
transmit a digital “Zero” (or low) value, embodiments of the 
present invention enable encoding of input data or an input 
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2 
word in a manner that ensures that not more than half of the 
bits transmitted will be high value bits. As such, for example, 
if more than half of the bits of the input data or input word 
have a high value, the entire input word may be encoded by 
inverting the bit values and adding an indication bit to indicate 
the status of encoding (e.g., indicating an inversion). Mean 
while, if half or less than half of the bits of the input word 
initially have high values, the input word is encoded by add 
ing only the indication bit to indicate the status of encoding 
(e.g., indicating no inversion). 

In one exemplary embodiment, a method for providing a 
data encoding scheme that may, for example, reduce power 
consumption is provided. The method may include determin 
ing, for a digital input value comprising a particular number 
of bits, whether more than half of the bits of the digital input 
value have a high value, and encoding the digital input value 
by inverting each of the bits of the digital input value in 
response to a determination that more than half of the bits of 
the digital input value have the high value. 

In another exemplary embodiment, a computer program 
product for providing a data encoding scheme that may, for 
example, reduce power consumption is provided. The com 
puter program product includes at least one computer-read 
able storage medium having computer-readable program 
code portions stored therein. The computer-readable program 
code portions include first and second executable portions. 
The first executable portion is for determining, for a digital 
input value comprising a particular number of bits, whether 
more than half of the bits of the digital input value have a high 
value. The second executable portion is for encoding the 
digital input value by inverting each of the bits of the digital 
input value in response to a determination that more than half 
of the bits of the digital input value have the high value. 

In another exemplary embodiment, an apparatus for pro 
viding a data encoding scheme that may, for example, reduce 
power consumption is provided. The apparatus may include 
an encoder configured to determine, for a digital input value 
comprising a particular number of bits, whether more than 
half of the bits of the digital input value have a high value. The 
encoder may be further configured to encode the digital input 
value by inverting each of the bits of the digital input value in 
response to a determination that more than half of the bits of 
the digital input value have the high value. 

In another exemplary embodiment, an apparatus for pro 
viding a data decoding scheme that may, for example, reduce 
power consumption is provided. The apparatus may include a 
decoder configured to receive an encoded digital value com 
prising a particular number of bits and determine whether the 
encoded digital value corresponds to a value that was inverted 
prior to receipt of the encoded digital value. The decoder may 
be further configured to invert each of the bits of the encoded 
digital value in response to a determination that the encoded 
digital value was inverted prior to receipt of the encoded 
digital value. 

In yet another exemplary embodiment, a method for pro 
viding a data decoding scheme that may, for example, reduce 
power consumption is provided. The method may include 
receiving an encoded digital value comprising a particular 
number of bits, determining whether the encoded digital 
value corresponds to a value that was inverted prior to receipt 
of the encoded digital value, and inverting each of the bits of 
the encoded digital value in response to a determination that 
the encoded digital value was inverted prior to receipt of the 
encoded digital value. 

In still another exemplary embodiment, a computer pro 
gram product for providing a data decoding scheme that may, 
for example, reduce power consumption is provided. The 
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computer program product includes at least one computer 
readable storage medium having computer-readable program 
code portions stored therein. The computer-readable program 
code portions include first, second and third executable por 
tions. The first executable portion is for receiving an encoded 
digital value comprising a particular number of bits. The 
second executable portion is for determining whether the 
encoded digital value corresponds to a value that was inverted 
prior to receipt of the encoded digital value. The third execut 
able portion is for inverting each of the bits of the encoded 
digital value in response to a determination that the encoded 
digital value was inverted prior to receipt of the encoded 
digital value. 

Embodiments of the present invention may enable encod 
ing of data in a manner that may reduce overall power and 
energy consumption. Accordingly, power may, for example, 
be used in a more efficient manner, or the consumption of 
power may be reduced. 

BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWING(S) 

Having thus described the invention in general terms, ref 
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

FIG. 1 is a schematic block diagram of a mobile terminal 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 2 is a schematic block diagram of a wireless commu 
nications system according to an exemplary embodiment of 
the present invention; 

FIG. 3 illustrates a block diagram showing a short range 
communication system employing an encoder and a decoder 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 4 illustrates an example of an amplitude shift keying 
modulated waveform generated from the modulation of an 
unmodulated carrier with a binary sequence to produce a 
modulated waveform for transmission according to an exem 
plary embodiment of the present invention; 

FIG. 5 illustrates an example of on-off keying modulation 
corresponding to a binary sequence to produce an impulse 
ultra wideband signal according to an exemplary embodi 
ment of the present invention; 

FIG. 6 illustrates an example of frequency shift keying 
modulation corresponding to a binary sequence to produce a 
modulated signal according to an exemplary embodiment of 
the present invention; 

FIG. 7 illustrates a method of providing an encoding 
scheme for power reduction in accordance with an embodi 
ment of the present invention; and 

FIG. 8 illustrates a method of providing a decoding scheme 
for power reduction in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will now be 
described more fully hereinafter with reference to the accom 
panying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, the invention may be embod 
ied in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will satisfy 
applicable legal requirements. Like reference numerals refer 
to like elements throughout. 
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4 
FIG. 1, one aspect of the invention, illustrates a block 

diagram of a mobile terminal 10 that may benefit from 
embodiments of the present invention. It should be under 
stood, however, that a mobile telephone as illustrated and 
hereinafter described is merely illustrative of one type of 
mobile terminal that would benefit from embodiments of the 
present invention and, therefore, should not be taken to limit 
the scope of embodiments of the present invention. While 
several embodiments of the mobile terminal 10 are illustrated 
and will be hereinafter described for purposes of example, 
other types of mobile terminals, such as portable digital assis 
tants (PDAs), pagers, mobile televisions, gaming devices, 
laptop computers, cameras, Video recorders, audio/video 
player, radio, GPS devices, or any combination of the afore 
mentioned, and other types of voice and text communications 
systems, can readily employ embodiments of the present 
invention. 

In addition, while several embodiments of the method of 
the present invention are performed or used by a mobile 
terminal 10, the method may be employed by other than a 
mobile terminal. Moreover, the system and method of 
embodiments of the present invention will be primarily 
described in conjunction with mobile communications appli 
cations. It should be understood, however, that the system and 
method of embodiments of the present invention can be uti 
lized in conjunction with a variety of other applications, both 
in the mobile communications industries and outside of the 
mobile communications industries. 
The mobile terminal 10 may include an antenna 12 (or 

multiple antennae) in operable communication with a trans 
mitter 14 and a receiver 16. The mobile terminal 10 may 
further include an apparatus, such as a controller 20 or other 
processing element, that provides signals to and receives 
signals from the transmitter 14 and receiver 16, respectively. 
The signals include signaling information inaccordance with 
the air interface standard of the applicable cellular system, 
and also user speech, received data and/or user generated 
data. In this regard, the mobile terminal 10 is capable of 
operating with one or more air interface standards, commu 
nication protocols, modulation types, and access types. By 
way of illustration, the mobile terminal 10 is capable of 
operating in accordance with any of a number of first, second, 
third and/or fourth-generation communication protocols or 
the like. For example, the mobile terminal 10 may be capable 
of operating in accordance with second-generation (2G) 
wireless communication protocols IS-136 (time division 
multiple access (TDMA)), GSM (global system for mobile 
communication), and IS-95 (code division multiple access 
(CDMA)), or with third-generation (3G) wireless communi 
cation protocols, such as Universal Mobile Telecommunica 
tions System (UMTS), CDMA2000, wideband CDMA 
(WCDMA) and time division-synchronous CDMA (TD 
SCDMA), with fourth-generation (4G) wireless communica 
tion protocols or the like. As an alternative (or additionally), 
the mobile terminal 10 may be capable of operating in accor 
dance with non-cellular communication mechanisms. For 
example, the mobile terminal 10 may be capable of commu 
nication in a wireless local area network (WLAN) or other 
communication networks described below in connection with 
FIG 2. 

It is understood that the apparatus. Such as the controller 
20, may include circuitry desirable for implementing audio 
and logic functions of the mobile terminal 10. For example, 
the controller 20 may be comprised of a digital signal proces 
Sor device, a microprocessor device, and various analog to 
digital converters, digital to analog converters, and other Sup 
port circuits. Control and signal processing functions of the 
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mobile terminal 10 are allocated between these devices 
according to their respective capabilities. The controller 20 
thus may also include the functionality to convolutionally 
encode and interleave message and data prior to modulation 
and transmission. The controller 20 can additionally include 
an internal Voice coder, and may include an internal data 
modem. Further, the controller 20 may include functionality 
to operate one or more software programs, which may be 
stored in memory. For example, the controller 20 may be 
capable of operating a connectivity program, Such as a con 
ventional Web browser. The connectivity program may then 
allow the mobile terminal 10 to transmit and receive Web 
content, such as location-based content and/or other web page 
content, according to a Wireless Application Protocol (WAP), 
Hypertext Transfer Protocol (HTTP) and/or the like, for 
example. 
The mobile terminal 10 may also comprise a user interface 

including an output device Such as a conventional earphone or 
speaker 24, a ringer 22, a microphone 26, a display 28, and a 
user input interface, all of which are coupled to the controller 
20. The user input interface, which allows the mobile terminal 
10 to receive data, may include any of a number of devices 
allowing the mobile terminal 10 to receive data, such as a 
keypad 30, a touch display (not shown) or other input device. 
In embodiments including the keypad 30, the keypad 30 may 
include the conventional numeric (0-9) and related keys (i. 
*), and other hard and soft keys used for operating the mobile 
terminal 10. Alternatively, the keypad 30 may include a con 
ventional QWERTY keypad arrangement. The keypad 30 
may also include various Soft keys with associated functions. 
In addition, or alternatively, the mobile terminal 10 may 
include an interface device such as a joystick or other user 
input interface. The mobile terminal 10 further includes a 
battery 34, Such as a vibrating battery pack, for powering 
various circuits that are required to operate the mobile termi 
nal 10, as well as optionally providing mechanical vibration 
as a detectable output. 
The mobile terminal 10 may further include a user identity 

module (UIM)38. The UIM38 is typically a memory device 
having a processor built in. The UIM 38 may include, for 
example, a subscriber identity module (SIM), a universal 
integrated circuit card (UICC), a universal subscriber identity 
module (USIM), a removable user identity module (R-UIM), 
etc. The UIM38 typically stores information elements related 
to a mobile subscriber. In addition to the UIM38, the mobile 
terminal 10 may be equipped with memory. For example, the 
mobile terminal 10 may include volatile memory 40, such as 
volatile Random Access 
Memory (RAM) including a cache area for the temporary 

storage of data. The mobile terminal 10 may also include 
other non-volatile memory 42, which can be embedded and/ 
or may be removable. The non-volatile memory 42 can addi 
tionally or alternatively comprise an electrically erasable pro 
grammable read only memory (EEPROM), flash memory or 
the like, such as that available from the SanDisk Corporation 
of Sunnyvale, Calif., or Lexar Media Inc. of Fremont, Calif. 
The memories can store any of a number of pieces of infor 
mation, and data, used by the mobile terminal 10 to imple 
ment the functions of the mobile terminal 10. For example, 
the memories can include an identifier, Such as an interna 
tional mobile equipment identification (IMEI) code, capable 
of uniquely identifying the mobile terminal 10. 
As shown in FIG. 1, the mobile terminal 10 may also 

include one or more means for sharing and/or obtaining data. 
For example, the mobile terminal may comprise a short-range 
radio frequency (RF) transceiver and/or interrogator 44 so 
data may be shared with and/or obtained from electronic 
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6 
devices in accordance with RF techniques. The mobile ter 
minal 10 may comprise other short-range transceivers. Such 
as, for example an infrared (IR) transceiver 46, a BluetoothTM 
(BT) transceiver 48 operating using BluetoothTM brand wire 
less technology developed by the BluetoothTM Special Inter 
est Group, and/or the like. The Bluetooth transceiver 48 may 
be capable of operating according to WilbreeTM radio stan 
dards. In this regard, the mobile terminal 10 and, in particular, 
the short-range transceiver may be capable of transmitting 
data to and/or receiving data from electronic devices within a 
proximity of the mobile terminal 10, such as within ten 
meters, for example. Although not shown, the mobile termi 
nal 10 may be capable of transmitting and/or receiving data 
from electronic devices according various wireless network 
ing techniques, including Wireless Fidelity (Wi-Fi), WLAN 
techniques such as IEEE 802.11 techniques, and/or the like. 

In an exemplary embodiment, the mobile terminal 10 may 
also include one or more magnetic field sensors (e.g., sensor 
36). The magnetic field sensor 36, according to one embodi 
ment of the present invention, may be a Hall Effect sensor. 
The sensor 36 may detect magnetic field emission that is 
transmitted from a short-range communication source. Such 
as a tag (e.g., a radio frequency identification (RFID) tag) or 
the transceiver of a similar mobile terminal. It should be noted 
that also other means for sensing the magnetic field can be 
used, such as for example a Reed Switch, which typically 
consists of a pair of flexible, ferromagnetic contacts hermeti 
cally sealed in an inert gas filled container. The magnetic field 
magnetizes the contacts and causes them to attract each other, 
closing the circuit to provide an output signal for magnetic 
field detection. The mobile terminal 10 may also include a 
switch 38 that may be in communication with and under the 
control of the controller 20. As such, the switch 38 may be 
included in the controller 20 or separate from, but in commu 
nication with, the controller 20, such as via any type of wire 
line and/or wireless techniques known to those skilled in the 
art. In addition to other functions, the switch 38 may be 
capable of changing an operational mode of any of the short 
range communication readers (e.g., RF transceiver 44, the IR 
transceiver 46, or the BT transceiver 48). The detection of the 
magnetic field by the sensor 36 may affect a change in the 
switch38, which in turn may affect the operational mode of a 
short-range reader, such as readers 44, 46 and/or 48, Such as 
by activating the transceiver or increasing the frequency of its 
operation. For example, in one embodiment, detection of the 
magnetic field by sensor 36 may affect a change in the Switch 
38 that changes the operational mode of one of readers from 
a low-power “sleep” mode to a full-power active mode. In 
other embodiments, the switch 38 may change the operational 
mode of any one of the short-range communication units 
among any other operational modes known to those skilled in 
the art. 

In one embodiment of the invention, the controller 20 may 
rely on mobile terminal parameters, i.e., measured and/or 
sensed data, to determine whether the detected magnetic field 
requires activation of a short-range communication module. 
The mobile terminal 10 may typically encounter various mag 
netic fields that are not associated with short-range commu 
nication sources. As such, the detection of the magnetic fields 
not associated with short-range communication sources will 
typically not require the activation of a short-range commu 
nication module. In this regard, other sensors such as motion 
sensors or the like (not shown in FIG. 1) may be in commu 
nication with the controller 20 and provide the controller 20 
with mobile terminal parameter data. For example, a motion 
sensor may provide an input to the controller 20 that the 
device is either in motion or stationary. In this regard, the 
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measured and/or sensed data may then be utilized, by the 
controller 20, to determine a context and/or change in context 
of the mobile terminal. The measured and/or sensed data may 
be utilized according to one exemplary embodiment to del 
egate the determined changes in the context to different des 
tinations, such as the RF transceiver 44, the IR transceiver 46, 
or the BT transceiver 48, utilizing context exchange architec 
ture. Alternatively, the sensed data may be transmitted and 
interpreted by any other Suitable application capable of pro 
viding the necessary signal to Switch 38. 
Once the corresponding reader or transceiver has been 

activated, the mobile terminal 10 may optionally be provided 
with a means for tactically notifying the user of the mobile 
terminal 10 that the short-range communication module has 
been activated or that the operational mode has been altered. 
The means for notifying the user may include vibration pulse 
feedback, audio feedback, visual feedback or any other suit 
able means for tactically providing feedback to the user that 
the short-range communication module is active. 
An exemplary embodiment of the invention will now be 

described in the context of a short range wireless communi 
cation system as shown in FIG. 2. More specifically, one 
exemplary embodiment will be described in the context of a 
high-data rate RFID system. Furthermore, the encoding 
scheme described in greater detail below may be employed in 
a system that uses, for example, on-off keying (OOK), ampli 
tude shift keying (ASK), frequency shift keying (FSK) modu 
lation or the like. However, it should be noted that embodi 
ments could also be practiced in other communication 
systems and with other modulation schemes. 

Referring to FIG. 2, a block diagram of a broadcast net 
work, a short-range communication network and a cellular 
network, collectively referred to as composite network 60 is 
shown, in accordance with an embodiment of the present 
invention. It is noted that while a cellular network is not an 
essential part of the present invention, it is shown in this figure 
to illustrate that the short-range communication reader 
device, which in this example is a cellular terminal (e.g., the 
mobile terminal 10 of FIG. 1), may be readily equipped to 
communicate via a cellular network in addition to the short 
range communication medium. The cellular network may be 
utilized in those embodiments in which the short-range com 
munication content includes a link to a network resource. In 
alternate embodiments, the cellular network may be omitted. 
The composite network 60 may typically include a plurality 
ofterminals, although for the sake of clarity only one terminal 
is shown in FIG. 2. As shown, the mobile terminal 10 may 
include an antenna 12 for transmitting and receiving both 
cellular network signals and short-range communication sig 
nals. However, as an alternative, the antenna 12 may represent 
multiple antennas so that separate antennas may be used for 
cellular and short-range communication signals. 
The cellular communication network may include a base 

site or base station (BS) 62. The base station 62 may be a part 
of a cellular network that includes elements required to oper 
ate the network, such as a mobile switching center (MSC) 64. 
As is known by those of ordinary skill in the art of telecom 
munications, the cellular network may also be referred to as a 
Base Station, Mobile Switching Center and Interworking 
function (BMI) 66. In operation, the MSC 64 may be capable 
of routing calls and messages to and from the mobile terminal 
10 when the mobile terminal 10 is making and receiving calls. 
The MSC 64 may also provide a connection to landline trunks 
when the mobile terminal 10 is involved in a call. Further, the 
MSC 64 can, but need not, be coupled to a server GTW 68 
(Gateway). 
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8 
The MSC 18 can be coupled to a network, such as a local 

area network (LAN), a metropolitan area network (MAN), 
and/or a wide area network (WAN). The MSC 64 can be 
coupled to the network directly, or if the system includes the 
GTW 68, the MSC 64 can be coupled to the network via the 
GTW 68. In one configuration, for example, the MSC 64 is 
coupled to the GTW 68, and the GTW 68 is coupled to a 
WAN, such as the Internet 70. In turn, devices such as pro 
cessing elements (e.g., personal computers, server computers 
or the like) can be coupled to the mobile terminal 10 via the 
Internet 70. For example, the processing elements can include 
one or more processing elements associated with an origin 
Server 72. 

In addition to optional cellular network communication, 
the mobile terminal 10 of embodiments of the present inven 
tion may be equipped to communicate with other devices via 
short-range communication techniques (e.g., using any of the 
RF transceiver 44, the IR transceiver 46, or the BT transceiver 
48). The short range communication techniques include, but 
are not limited to RFID, BluetoothTM (i.e., communication in 
the about 2.4 GHz frequency band), 

Infrared (IR), Wireless Local Area Network (WLAN), 
IrDA (Infrared DataAssociation), UWB (Ultra Wideband), or 
the like. In an exemplary embodiment, as shown in FIG.2, the 
mobile terminal 10 may be in short-rang communication with 
a transponder, e.g., tag 74, and/or a device 76 equipped with 
internal short-range transponder/tag 78 through a short-range 
interface. As will be appreciated, the electronic devices and 
tags can comprise any of a number of different known devices 
and tags capable of transmitting and/or receiving data in 
accordance with any of a number of different short-range 
communication techniques. In one exemplary embodiment, 
the transponder and/or the device 76 may be RFID compo 
nentS. 

One exemplary embodiment of the present invention will 
now be described in greater detail in reference to a short range 
communication system as shown in FIG. 3. In this regard, the 
system may include a first device, which may be a reader 
device (e.g., the mobile terminal 10) and a second device, 
which may be an RFID tag (e.g., the tag 74). In an exemplary 
embodiment in which the reader device is the mobile terminal 
10, the reader device may include an interface to application 
engine 80, which may interface between the components of 
the reader device in FIG. 3 and the other components of the 
mobile terminal 10. For example, the interface to application 
engine 80 may represent a logical and/or physical interface 
between control logic (e.g., local processor or co-processor) 
84 and the other shown components of the reader device and 
the controller 20 or processor of the mobile terminal 10. 
Processors such as those described herein may be embodied 
in many ways. For example, the processors may be embodied 
as a processing element, a coprocessor, a controller or various 
other processing means or devices including integrated cir 
cuits such as, for example, an ASIC (application specific 
integrated circuit) or an FPGA (field programmable gate 
array). 
The reader device may also include the control logic 84, a 

memory buffer 90, a narrow-band transmitter 82 and/or a 
wideband transceiver 92. In an exemplary embodiment, the 
control logic 84 may include or otherwise control a decoder 
86 and an encoder 88. Each of the decoder 86 and the encoder 
88 may be any device or means embodied in hardware, soft 
ware or a combination of hardware and Software that is con 
figured to perform the corresponding functions of the decoder 
86 and the encoder 88, respectively, as described below. In 
this regard, for example, the encoder 88 may be configured to 
encode input data such as input words or input sequences of a 
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given number of bits in accordance with embodiments of the 
present invention for improved power efficiency. Meanwhile, 
the decoder 86 may be configured to decode received data that 
has been encoded by the encoder 88. The encoder 88 and 
decoder 86 will be described in greater detail below. Although 
the encoder 88 and decoder 86 are illustrated in FIG. 3 as 
being a part of or controlled by the control logic 84, the 
encoder 88 and/or decoder 86 could alternatively be separate 
devices or part of the wideband transceiver 92. 
The memory buffer 90 may include, for example, volatile 

and/or non-volatile memory (e.g., volatile memory 40 and/or 
non-volatile memory 42). The memory buffer 90 may be 
configured to store information, data, applications, instruc 
tions or the like for enabling the apparatus to carry out various 
functions in accordance with exemplary embodiments of the 
present invention. For example, the memory buffer 90 could 
be configured to buffer input data for processing by the con 
trol logic 84, the encoder86 and/or the decoder 88. Addition 
ally or alternatively, the memory buffer 90 could be config 
ured to store instructions for execution by the control logic 84. 

The narrow-band transmitter 82 may be any device or 
means embodied in hardware, software or a combination of 
hardware and software that is configured to enable the reader 
device to transmit a wireless transmission signal (e.g., a 13.56 
or 900 MHZ signal) such as for interrogating near field com 
munication (NFC) tags or electronic product code (EPC) 
Global tags. Meanwhile, the wideband transceiver 92 may 
provide high data rate communication between the reader 
device and the tag 74. In this regard, for example, the wide 
band transceiver 92 may provide impulse UWB communica 
tion between the reader device and the tag 74. Although 
impulse UWB and typical RFID communication frequencies 
are referred to in this example, it should be noted that, as 
indicated above, other communications systems, and there 
fore other transceivers, could alternatively be used. 
The tag 74 may include a power unit 100, a clock extractor 

102, control logic 104 (which may further include a decoder 
106 and an encoder 108), memory 110, and/or a wideband 
transceiver 112. The control logic 104, the decoder 106, the 
encoder 108 and the wideband transceiver 112 may operate in 
a substantially similar fashion to the operation described 
above for the control logic 84, the decoder 86, the encoder 88 
and the wideband transceiver 92 of the reader device. Accord 
ingly, a redundant description of these components will not be 
presented. 
The clock extractor 102 may be configured to extract or 

recover a carrier signal received at the tag 74 and determine a 
clock frequency associated therewith. The determinations 
made by the clock extractor 102 may be communicated to the 
control logic 104 for use in decoding and/or encoding opera 
tions. The memory 110 may be, for example, volatile and/or 
non-volatile memory configured to store information, data, 
instructions or the like for enabling the tag 74 to carry out 
various functions in accordance with exemplary embodi 
ments of the present invention. For example, the memory 110 
could be configured to buffer input data for processing by the 
control logic 84, the encoder 86 and/or the decoder 88. 
The power unit 100 may, for example, include a rectifier 

configured to rectify received transmission signals (e.g., nar 
row-band signals received from the narrow-band transmitter 
82) to generate power for the tag 74. As such, the tag 74 of 
FIG.3 may be assumed to be a passive device that generates 
power from received signals rather than having an onboard 
power source (e.g., battery). Since the tag 74 generates its 
power from the signals it receives, the tag 74 typically has 
very limited power resources (e.g., usually only a few milli 
watts). As such, it may be clear why it may be considered 
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10 
advantageous to reduce power consumption in Such a device 
in certain situations. However, it should be noted that embodi 
ments of the present invention may also be practiced with 
devices that have onboard batteries or even external power 
SOUCS. 

The encoders 88 and 108 and the decoders 86 and 106 will 
now be described in greater detail to explain an exemplary 
embodiment. To simplify the description, the encoder 88 of 
the reader device and the decoder 106 of the tag 74 will be 
described below, but it should be appreciated that, except 
where specifically noted, the encoder 108 of the tag 74 and the 
decoder 86 of the reader device may function in a similar 
fashion to the corresponding encoder 88 and decoder 106 of 
the reader device and the tag 74, respectively. The encoder 88 
and the decoder 106 may be capable of communication with 
each other (e.g., via the respective wideband transceivers). 
The encoder 88 may be employed to encode data (e.g., speech 
data, audio data, Video data, image data, etc.) and the decoder 
106 may be employed to decode encoded data. 
The encoder 88 may be any means or device embodied in 

hardware, software or a combination of hardware and soft 
ware that is capable of performing encoding operations as 
described below. In this regard, input data of a given number 
of bits (e.g., N-bits, where N is an integer constant) may be 
encoded in a manner that may reduce power consumption. In 
this regard, for example, since it generally requires more 
power or energy to transmit a digital 'one' (or high) value 
modulated onto a carrier than the power or energy required to 
transmit a digital “Zero” (or low) value, embodiments of the 
present invention enable encoding of the input data (e.g., an 
input word) in a manner that ensures that not more than half 
of the bits transmitted for a given input word will be high 
value bits. As such, for example, if more than half of the bits 
of the input word (e.g., >N/2) have a high value, the entire 
input word may be encoded by inverting the bit values and 
adding an indication bit to indicate the status of encoding 
(e.g., indicating that an inversion has been performed). Mean 
while, if half or less then half of the bits of the input word 
(e.g., sN/2) initially have high values, the input word is 
encoded by adding only the indication bit to indicate the 
status of encoding (e.g., indicating that no inversion has been 
performed). Accordingly, in an exemplary embodiment, the 
number of high values, or one values in the encoded data may 
be reduced. For example, assuming that N=8 and the input 
data bits are 10110110, the encoded data is 01001001. In 
this case, the input data contains five one values and the 
encoded data contains only three one values. 
The decoder 106 may be any device or means embodied in 

either hardware, software, or a combination of hardware and 
Software that is capable of performing decoding operations as 
described below. In an exemplary embodiment, the decoder 
106 may be embodied in software as instructions that are 
stored on the memory 110 of the tag 74 and executed by the 
control logic 104. In an alternative exemplary embodiment, 
the decoder 106 may be embodied in digital hardware. The 
decoder 106 may be configured to examine incoming data 
(e.g., encoded input words) and determine whether Such data 
includes inverted data. If the incoming data includes inverted 
data, the decoder 106 may invert the incoming data to restore 
the original values that existed prior to encoding. The output 
of the decoder 106 may also be stripped of the inversion 
indication bit. 

FIG. 4 illustrates an example of an ASK modulated wave 
form generated from the modulation of an unmodulated car 
rier 140 with a binary sequence 142 (in this case 10110) to 
produce a modulated waveform 144 for transmission. The 
modulation of the unmodulated carrier 140 according to the 
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binary sequence 142 may be accomplished so that during a '0' 
bit, the carrier is attenuated so that the amplitude is notably 
smaller than during a 1 bit. There are many options to define 
the relative power levels corresponding to 0 and 1 bits. For 
example, a 1 bit could be transmitted at 100% power (e.g., 
full carrier signal power) and O' symbol may be transmitted 
at 10% of the full carrier signal power. In any case, it is clear 
that transmitting a 1 symbol consumes more power than 
transmitting a “0” symbol. 

FIG. 5 illustrates an example of OOK modulation (e.g., in 
an impulse UWB system) corresponding to a binary sequence 
150 (again in this example, 10110) to produce an impulse 
UWB signal 152. During a 1 symbol, a short impulse is 
transmitted and during a '0' symbol nothing is transmitted. 
(This can be considered as an extreme case of ASK modula 
tion where the amplitude of a “0” symbol is 0%.) Similar to the 
ASK modulation of FIG. 4 above, more power is consumed in 
the transmission of a '1' symbol than is consumed in the 
transmission a '0' symbol. According to an exemplary 
embodiment, in either of the examples above of a 5 bit input 
word (10110), inversion of the input word may result in a 
power savings by instead encoding the input word as 01001, 
which has one less high value. 

FIG. 6 illustrates an example of FSK modulated waveform 
generated from the modulation of an unmodulated carrier 160 
with a binary sequence 162 (in this case 10110) to produce a 
modulated waveform 164 for transmission. The modulation 
of the unmodulated carrier 160 according to the binary 
sequence 162 may be accomplished so that during a 0 bit, 
the carrier frequency is reduced so that the frequency is nota 
bly lower than during a 1 bit. There are many options to 
define the relative frequencies corresponding to “0” and 1 
bits. In any case, it is clear in this example that transmitting a 
1 symbol consumes more power than transmitting a '0' 
symbol. 

In order to enable recognition of data that has been inverted 
at the decoder 106, the encoder 88 may include an inversion 
indication bit, as described above. The inversion indication 
bit may be added to any desirable portion of the input word. In 
Some embodiments, the inversion indication bit may be added 
to either the beginning or the end of the input word. The 
inversion indication bit may extend the number of bits of the 
encoded input word to be one bit larger (e.g., N+1). Thus, for 
example, for a byte (e.g., an input word where N=8), an 
increase in overhead may be experienced of 12.5% due to the 
larger size of the encoded input word. However, because the 
total number of high value bits is reduced as a result of 
encoding as described above, the overall power consumption 
may still be reduced. 

In an exemplary embodiment, the encoder 88 may be 
embodied in software as instructions that are stored on the 
memory buffer 90 of the mobile terminal 10 and executed by 
the controller 20 or the control logic 84. Alternatively, the 
encoder 88 may be embodied in digital hardware via a num 
ber of different configurations. In any case, the encoder 88 
may determine, for a digital input value (e.g., an input word) 
including a particular number of bits, how many of the bits 
have a logical one value. The encoder 88 may then encode the 
input value by inverting each of the bits of the digital input 
value in response to a determination that more than half of the 
bits of the digital input value have a logical one value. 

In one embodiment, the encoder 88 may be embodied as a 
look-up-table (LUT). One straightforward way to use a LUT 
implementation may be to store a polarity bit (e.g., inversion 
indication bit) of each possible input word in a constant table. 
As such, the LUT may act as a read-only memory (ROM) 
where the data to be encoded is connected to an address bus. 
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12 
The output of the memory may be the polarity bit correspond 
ing to the input word. To handle all possible outcomes for the 
case when N=8, the LUT may include 256 entries. Each entry 
may be only 1-bit wide, thus the ROM size may be 256x 
1=256 bits, which is relatively small or even negligible in 
current digital CMOS processes. If the resulting polarity bit 
indicates inversion, the encoder 88 may invert the input word 
and if the resulting polarity bit indicates no inversion, the 
encoder 88 may not invert the input word. The result of the 
LUT may be experienced as one exemplary method of deter 
mining whether more than half of the bits of the input word 
are ones and providing an indication of whether an inversion 
is to be performed and/or has been performed. 

Table 1 below illustrates all possible input words and cor 
respoding codewords (e.g., encoded input words) in an exem 
plary case where N=4. In this example, an additional protocol 
bit (e.g., the polarity or inversion indication bit) that denotes 
inversion is added to the beginning of the codeword. 

TABLE 1 

Example of encoding when N = 4 

Number of Number of 
Input 1 bits Encoded *1 bits in Change in 
data (4 in input data (1 + 4 the encoded the amount 
bits) data bits) data of 1 bits 

OOOO O O-OOOO O O 
OOO1 1 O - OOO1 1 O 
OO10 1 O - OO1O 1 O 
OO11 2 O - OO11 2 O 
O1OO 1 O - O1OO 1 O 
O101 2 O -- 01.01 2 O 
O110 2 O -- 0110 2 O 
O111 3 1 + 1 OOO 2 -1 
1OOO 1 O + 1 OOO 1 O 
1001 2 O + 1001 2 O 
1010 2 O - 1010 2 O 
1011 3 1 - O1OO 2 -1 
1100 2 O - 11 OO 2 O 
1101 3 1 - OO1O 2 -1 
1110 3 1 - OOO1 2 -1 
1111 4 1 - OOOO 1 -3 

As can be seen from table 1 above, in this example, the 
number of 1 bits in any codeword is always less or equal than 
the number of 1 bits in the input data. Accordingly, in this 
example, the number of 1 bits may be reduced and is never 
increased as a result of the encoding process. 

In order to estimate the efficiency of encoding according to 
one exemplary embodiment applied on large amounts of data, 
a study showed that, in one example, the number of 1 bits 
was reduced by approximately 18-20%. Taking into account 
the nature of ASK, FSK and OOK modulation and other like 
modulation techniques as shown, for example, in FIGS. 4, 5 
and 6, clear power savings may be achieved by Such reduc 
tions. However, different data sets may include different 
amounts of 1 bits and, generally speaking, for a higher 
number of 1 bits in a given data set there may be a greater 
potential for power savings. The power savings may be uti 
lized in many ways. For example, a given power budget may 
utilize the savings in power to provide a higher data rate oran 
extended operating range of the reader device. 

In some exemplary embodiments, modifications to the 
basic concept of inversion as described above may be 
employed. For example, since some embodiments may be 
utilized in the context of devices that may not have power 
limitations or on a particular set of data that is not desirable 
for employment of embodiments of the present invention, a 
mode control capability may be introduced. In this regard, for 
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example, the control logic 84 (or 104) may be enabled to 
determine whether to employ encoding/decoding according 
to embodiments of the present invention and/or may be 
enabled to respond to manual control by a user with regard to 
employment of encoding/decoding. As such, the user (e.g., 
the user of the mobile terminal 10) may direct entry into or out 
of a mode enabling encoding according to embodiments of 
the present invention. Alternatively, the control logic may be 
enabled to examine a set of data to be transmitted and, based 
on Such factors as the aggregate number of 1 bits in the set 
relative to the total number of bits or the aggregate number of 
input words with more than half of the bits being 1 bits 
relative to the total number of input words in order to deter 
mine whether to initiate encoding according an exemplary 
embodiment. In this regard, a threshold percentage may be 
used in either case to initiate encoding. 

In some exemplary embodiments in which one device is 
Substantially more power limited than another device Such as 
the tag 74, which generates its power based on received 
signals, it may be beneficial to encode and decode in only one 
direction. For example, if the reader is not power limited, or 
substantially less power limited than the tag 74, the reader 
may not employ encoding. As a result, a higher power signal 
may be transmitted to the tag 74 to provide more potential 
power to the tag 74. Meanwhile, the tag 74 may employ 
encoding while transmitting to the reader. In either case, the 
control logic (84 or 104) may be enabled to determine 
whether encoding is being employed and employ the respec 
tive decoder (86 or 106) in order to decode received data when 
appropriate. 

In Some embodiments, error detection may be employed at 
a device receiving an encoded transmission based on the 
inversion indication bit. In this regard, for example, based on 
rules associated with input word encoding (e.g., whether or 
not inversion is employed, an encoded word will have less 
than half of the total number of bits being a high or 1 bit) 
there may be certain “illegal encoded words that may be 
detected. As such, in one example, a first rule may state that if 
the inversion indication bit indicates an inversion (e.g., the 
inversion indication bit is set), then more than half of the other 
bits must be zero. Meanwhile, a second rule may state that if 
the inversion indication bit indicates no inversion (e.g., the 
inversion indication bit is not set), then at least half of the 
other bits must be Zero. According to this example, assuming 
that N=8 the following codeword is not legal: “1+00001111”, 
because the codeword violates the first rule listed above. The 
decoder (86 or 106) may then conclude that at least one of the 
bit values has been corrupted during transmission and handle 
the error in some way. In one exemplary embodiment, the 
decoder may identify the erroneous codeword to upper pro 
tocol layers so that the corrupted data can be re-transmitted. 
Another example of an illegal codeword is "0+11010111'. 
which violates the second rule above. As such, the above 
described error detection technique alone, while not capable 
of detecting every error, can be utilized alone or combined 
with other higher-level error detection and/or correction tech 
niques such as CRC checksum calculation on blocks of data 
to provide error detection capability. In an exemplary 
embodiment, one benefit of employing Such error detection 
may be that if a low-level error detector detects even one 
erroneous data item, there may be no need to pass the whole 
data block to the CRC checker, which may save both energy 
and time. 

FIGS. 7 and 8 are flowcharts of methods and program 
products according to exemplary embodiments of the inven 
tion. It will be understood that each block or step of the 
flowcharts, and combinations of blocks in the flowcharts, can 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
be implemented by various means, such as hardware, firm 
ware, and/or Software including one or more computer pro 
gram instructions. For example, one or more of the proce 
dures described above may be embodied by computer 
program instructions. In this regard, the computer program 
instructions which embody the procedures described above 
may be stored by a memory device of the mobile terminal and 
executed by a built-in processor in the mobile terminal. As 
will be appreciated, any such computer program instructions 
may be loaded onto a computer or other programmable appa 
ratus (i.e., hardware) to produce a machine, such that the 
instructions which execute on the computer or other program 
mable apparatus create means for implementing the functions 
specified in the flowcharts block(s) or step(s). These com 
puter program instructions may also be stored in a computer 
readable memory that can direct a computer or other pro 
grammable apparatus to function in a particular manner. Such 
that the instructions stored in the computer-readable memory 
produce an article of manufacture including instruction 
means which implement the function specified in the flow 
charts block(s) or step(s). The computer program instructions 
may also be loaded onto a computer or other programmable 
apparatus to cause a series of operational steps to be per 
formed on the computer or other programmable apparatus to 
produce a computer-implemented process such that the 
instructions which execute on the computer or other program 
mable apparatus provide steps for implementing the func 
tions specified in the flowcharts block(s) or step(s). 

Accordingly, blocks or steps of the flowcharts Support 
combinations of means for performing the specified func 
tions, combinations of steps for performing the specified 
functions and program instruction means for performing the 
specified functions. It will also be understood that one or 
more blocks or steps of the flowcharts, and combinations of 
blocks or steps in the flowcharts, can be implemented by 
special purpose hardware-based computer systems which 
perform the specified functions or steps, or combinations of 
special purpose hardware and computer instructions. 

In this regard, one embodiment of a method for providing 
a data encoding scheme for reducing power consumption, as 
illustrated in FIG. 7, may be implemented from the perspec 
tive of a first device such as a reader device or mobile termi 
nal. However, the method of FIG.7 may also be implemented 
on a second device Such as a tag or RFID transponder. The 
method may include determining, for a digital input value 
comprising a particular number of bits, whether more than 
half of the bits of the digital input value have a high value at 
operation 200. The method may further include encoding the 
digital input value by inverting each of the bits of the digital 
input value in response to a determination that more than half 
of the bits of the digital input value have the high value at 
operation 210. Operation 210 may include an alternative 
operation of not inverting any of the bits of the digital input 
value in response to a determination that half or less than half 
of the bits of the digital input value have the high value. 

In an exemplary embodiment, encoding may further 
include adding an inversion indicator (e.g., an inversion indi 
cation bit) to the encoded digital input value. The inversion 
indication bit may have two possible values including a first 
value indicative of an inversion being applied to the digital 
input value and a second value indicative of no inversion 
being applied to the digital input value. In another exemplary 
embodiment, determining whether more than half of the bits 
have the high value may include comparing the digital input 
value to a table value. In this regard, for example, a value of 
the inversion indication bit may be determined based on the 
comparing. 
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FIG. 8 illustrates a method of providing a data decoding 
scheme for reducing power consumption from the perspec 
tive of the second device such as a tag or RFID transponder in 
communication with an apparatus performing the method of 
FIG. 7 in accordance with an embodiment of the present 
invention. However, the decoding scheme could also be 
employed on the first device above. As indicated in FIG. 8, the 
method may include receiving an encoded digital value com 
prising a particular number of bits at operation 300 and deter 
mining whether the encoded digital value corresponds to a 
value that was inverted prior to receipt of the encoded digital 
value at operation 310. The method may further include 
inverting each of the bits of the encoded digital value in 
response to a determination that the encoded digital value was 
inverted prior to receipt of the encoded digital value at opera 
tion320. In an exemplary embodiment, receiving the encoded 
digital value may include receiving an inversion indicator 
(e.g., an inversion indication bit) in addition to the encoded 
digital value. The inversion indication bit may have two pos 
sible values including a first value indicative of an inversion 
having been applied to the encoded digital value and a second 
value indicative of no inversion having been applied to the 
encoded digital value. In some embodiments, determining 
whether the encoded digital value corresponds to the value 
that was inverted prior to receipt of the encoded digital value 
may include determining whether the inversion indication bit 
has the first value or the second value. In an exemplary 
embodiment, the method may include an additional operation 
of performing error detection with respect to the encoded 
digital value based on the value of the inversion indication bit 
at operation 330. 
Many modifications and other embodiments of the inven 

tions set forth herein will come to mind to one skilled in the art 
to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Moreover, although the foregoing descriptions and 
the associated drawings describe exemplary embodiments in 
the context of certain exemplary combinations of elements 
and/or functions, it should be appreciated that different com 
binations of elements and/or functions may be provided by 
alternative embodiments without departing from the scope of 
the appended claims. In this regard, for example, different 
combinations of elements and/or functions than those explic 
itly described above are also contemplated as may be set forth 
in some of the appended claims. Although specific terms are 
employed herein, they are used in a generic and descriptive 
sense only and not for purposes of limitation. 
What is claimed is: 
1. A method comprising: 
determining, for a digital input value comprising a particu 

lar number of bits, the particular number of bits in the 
digital input value; 

determining a number of bits which have a high value; 
determining, utilizing a processor, whether the number of 

bits which have a high value is more than half of the 
particular number of bits in the digital input value; and 

encoding the digital input value by inverting each of the 
bits of the digital input value in response to a determi 
nation that the number of bits which have a high value is 
more than half of the particular number of bits in the 
digital input value, wherein encoding the digital input 
value further comprises adding an inversion indicator to 
the encoded digital input value, the inversion indicator 
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having two possible values including a first value indica 
tive of an inversion being applied to the digital input 
value and a second value indicative of no inversion being 
applied to the digital input value. 

2. The method of claim 1, wherein determining whether 
more than half of the bits have the high value comprises 
comparing the digital input value to a table value and wherein 
a value of the inversion indicator is determined based on the 
comparing. 

3. The method of claim 1, wherein encoding further com 
prises not inverting any of the bits of the digital input value in 
response to a determination that the number of bits which 
have a high value is half of or less than half of the particular 
number of bits in the digital input. 

4. A computer program product comprising at least one 
non-transitory computer-readable storage medium having 
computer-readable program code portions stored therein, the 
computer-readable program code portions comprising: 

a first executable portion for determining, for a digital input 
value comprising a particular number of bits, the par 
ticular number of bits in the digital input value, 

a second executable portion for determining a number of 
bits which have a high value: 

a third executable portion for determining whether the 
number of bits which have a high value is more than half 
of the particular number of bits in the digital input value: 
and 

a fourth executable portion for encoding the digital input 
value by inverting each of the bits of the digital input 
value in response to a determination that the number of 
bits which have a high value is more than half of the 
particular number of bits in the digital input value, 
wherein the second executable portion includes instruc 
tions for adding an inversion indicator to the encoded 
digital input value, the inversion indicator having two 
possible values including a first value indicative of an 
inversion being applied to the digital input value and a 
second value indicative of no inversion being applied to 
the digital input value. 

5. The computer program product of claim 4, wherein the 
third executable portion includes instructions for comparing 
the digital input value to a table value and wherein a value of 
the inversion indicator is determined based on the comparing. 

6. The computer program product of claim 5, wherein the 
fourth executable portion includes instructions for not invert 
ing any of the bits of the digital input value in response to a 
determination that the number of bits which have a high value 
is half of or less than half of the particular number of bits in the 
digital input value. 

7. An apparatus, comprising: 
at least one processor, and 
at least one memory including computer program code, 
the at least one memory and the computer program code 

configured to, with the at least one processor, cause the 
apparatus to perform at least the following: 

determine, for a digital input value comprising a particular 
number of bits, the particular number of hits in the 
digital input value; 

determine a number of bits which have a high value; 
determine whether the number of bits which have a high 

value is more than half of the particular number of bits in 
the digital input value; and 

encode the digital input value by inverting each of the bits 
of the digital input value in response to a determination 
that the number of bits which have a high value is more 
than half of the particular number of bits in the digital 
input value, wherein encode the digital input value fur 
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ther comprises adding an inversion indicator to the 
encoded digital input value, the inversion indicator hav 
ing two possible values including a first value indicative 
of an inversion being applied to the digital input value 
and a second value indicative of no inversion being 5 
applied to the digital input value. 

8. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured for comparing the digital input value to a table value and 
wherein a value of the inversion indicator is determined based 10 
on the comparing. 

9. The apparatus of claim 7, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus to 
encode the digital input value by not inverting any of the bits 
of the digital input value in response to a determination that 
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the number of bits which have a high value is half of or less 
than half of the particular number of bits in the digital input 
value. 

10. A method comprising: 2O 
receiving an encoded digital value comprising a particular 
number of bits: 

determining, utilizing a processor, whether the encoded 
digital value corresponds to a value that was inverted 
prior to receipt of the encoded digital value, wherein the 
inversion is based on a determination of whether a num 
ber of bits which have a high value is more than half of 
a particular number of bits in the digital input value: 

and 
inverting each of the bits of the encoded digital value in 

response to a determination that the encoded digital 
value was inverted prior to receipt of the encoded digital 
value, wherein receiving the encoded digital value com 
prises receiving an inversion indicator in addition to the 
encoded digital value, the inversion indicator having two 
possible values including a first value indicative of an 
inversion having been applied to the encoded digital 
value and a second value indicative of no inversion hav 
ing been applied to the encoded digital value. 

11. The method of claim 10, wherein determining whether 
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the encoded digital value corresponds to the value that was 
inverted prior to receipt of the encoded digital value com 
prises determining whether the inversion indicator has the 
first value or the second value. 

12. The method of claim 10, further comprising perform- 45 
ing error detection with respect to the encoded digital value 
based on the value of the inversion indicator. 

13. An apparatus, comprising: 
at least one processor; and 
at least one memory including computer program code, 
the at least one memory and the computer program code 

configured to, with the at least one processor, cause the 
apparatus to perform at least the following: 

receive an encoded digital value comprising a particular 
number of bits: 

determine whether the encoded digital value corresponds 
to a value that was inverted prior to receipt of the 
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encoded digital value, wherein the inversion is based on 
a determination of whether a number of bits which have 
a high value is more than half of a particular number of 
bits in the digital input value; and 

invert each of the bits of the encoded digital value in 
response to a determination that the encoded digital 
value was inverted prior to receipt of the encoded digital 
value, wherein receive the encoded digital value com 
prises receiving an inversion indicator in addition to the 
encoded digital value, the inversion indicator having two 
possible values including a first value indicative of an 
inversion having been applied to the encoded digital 
value and a second value indicative of no inversion hav 
ing been applied to the encoded digital value. 

14. The apparatus of claim 13, wherein determine whether 
the encoded digital value corresponds to the value that was 
inverted prior to receipt of the encoded digital value com 
prises determining whether the inversion indicator has the 
first value or the second value. 

15. The apparatus of claim 13, wherein the at least one 
memory and the computer program code are further config 
ured to, with the at least one processor, cause the apparatus to 
perform error detection with respect to the encoded digital 
value based on the value of the inversion indicator. 

16. A computer program product comprising at least one 
non-transitory computer-readable storage medium having 
computer-readable program code portions stored therein, the 
computer-readable program code portions comprising: 

a first executable portion for receiving an encoded digital 
value comprising a particular number of bits: 

a second executable portion for determining whether the 
encoded digital value corresponds to a value that was 
inverted prior to receipt of the encoded digital value, 
wherein the inversion is based on a determination of 
whether a number of bits which have a high value is 
more than half of a particular number of hits in the digital 
input value; and 

a third executable portion for inverting each of the bits of 
the encoded digital value in response to a determination 
that the encoded digital value was inverted prior to 
receipt of the encoded digital value, wherein the first 
executable portion includes instructions for receiving an 
inversion indicator in addition to the encoded digital 
value, the inversion indicator having two possible values 
including a first value indicative of an inversion having 
been applied to the encoded digital value and a second 
value indicative of no inversion having been applied to 
the encoded digital value. 

17. The computer program product of claim 16, wherein 
the second executable portion includes instructions for deter 
mining whether the inversion indicator has the first value or 
the second value. 

18. The computer program product of claim 16, further 
comprising a fourth executable portion for performing error 
detection with respect to the encoded digital value based on 
the value of the inversion indicator. 
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